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(54) ROLL BEARING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the initial 
peeling of a fixed ring in a roll bearing used under the 
conditions of high vibration, a high load and high 
temperature and to remarkably prolong the life of the 
bearing. | 
SOLUTION: An outer ring as a fixed ring is formed into a 1 
prescribed shape, e.g. by SUJ2. By quenching and 
tempering, the content of solid solution carbon in the 
matrix is controlled to 0.10 to 0.40 weight%. The content 
of solid solution carbon in the matrix [C]M can be 
expressed by the following formula: [C]M=(100x[C]t-[e]x 
[C]e)/(100-[e]). In this formula, [C]t denotes the carbon 
content (weight%) in the steel material to be used, [0] 
denotes the content (weight%) of cementite contained in 

the fixed ring after quenching and tempering, and [C]e denotes the carbon content (weight%) 
in cementite. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] At least a fixed ring (bearing washer used as a fixed side at the time of use among an inner 
ring of spiral wound gasket and an outer ring of spiral wound gasket) As an alloy content, carbon (C) 
with 1 .20 or less % of the weight of content 0. 1 5% of the weight or more With 1 .4 or less % of the 
weight of content, manganese (Mn) 0.1% of the weight or more for silicon (Si) with 1.3 or less % of the 
weight of content 0. 1 5% of the weight or more Chromium (Cr) with 1 8.0 or less % of the weight of 
content, 0.4% of the weight or more Anti-friction bearing characterized by the matrix dissolution carbon 
content ([C] M, a unit: % of the weight) which is obtained by giving hardening and tempering and is 
expressed with the following (1) type having become 0.40 or less [ 0.10 or more ] after being formed in 
a predetermined configuration with the ferrous material included, respectively. 
[C] M =(100x[C] t-sigma ([MC] x[C] MC))/(100-sigma [MC]) 
....(1) 

("[C] t" is the carbon content (% of the weight) of the ferrous material to be used among a formula.) 
"[MC]" is the content (% of the weight) of each carbide contained in the steel after hardening and 
tempering, "sigma [MC]" is the sum (% of the weight) of the content of all the carbide contained in the 
steel after hardening and tempering. "[C] MC" is the carbon content in each carbide (% of the weight), 
"sigma ([MC] x[C] MC)" shows the sum total content of the carbon contained in the steel after 
hardening and tempering as carbide. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a thing suitable as bearing for engine accessories (an 
AC dynamo, an electromagnetic clutch, an electromagnetic clutch, a middle pulley, compressor) 
especially about anti-friction bearing. 
[0002] 

[Description of the Prior Art] Conventionally, the inside-and-outside ring and rolling element of anti- 
friction bearing are obtained by giving hardening and tempering, after processing into a predetermined 
configuration the material which consists of SUJ2 (two sorts of high-carbon-chromium bearing steel). 
By this hardening and tempering, the surface hardness of an inside-and-outside ring and a rolling 
element is raised about to 60 to 65 by HRC (Rockwell hardness C). 

[0003] Although it mainly consists of a ferrite and a balling-up cementite, the organization of this 
material heats this, and after it does predetermined time maintenance, it performs and does the 
martensitic transformation of the oil-quenching to 830-860 degrees C. Then, tempering processing 
which carries out predetermined time maintenance is performed at 150-180 degrees C. Thereby, the 
organization of steel which makes an inside-and-outside ring and a rolling element becomes the matrix 
which consists of martensite with the organization where about 10 volume % and spherical cementite do 
[ retained austenite ] number field product % mixing of 

[0004] The effect of the content (matrix dissolution carbon content) of the carbon which is dissolving in 
the matrix which becomes the Japan Institute of Metals (1968, the 32nd volume. No. 12, 1 193-1 198 
pages) from martensite about the relation between the organization of steel which makes an inside-and- 
outside ring and a rolling element, and the property of anti-friction bearing is indicated. First, from the 
result of life test of thrust bearing, when a matrix dissolution carbon content is about 0.45 % of the 
weight, it is checked that a life becomes long most, moreover, the case where a matrix dissolution 
carbon content is 0.2 - 0.4 % of the weight as a matrix dissolution carbon content is 0.4 - 0.5 % of the 
weight about abrasion resistance - a ratio — it is checked that abrasion loss can be decreased. 
Furthermore, about tensile strength and 0.2% proof stress, when a matrix dissolution carbon content is 
about 0.5%, becoming the highest value is checked. 

[0005] Therefore, after processing into a predetermined configuration the material which consists of 
SUJ2, the usual inside-and-outside rings and rolling elements of anti-friction bearing are the conditions 
which a matrix dissolution carbon content becomes within the limits which is 0.4 - 0.5 % of the weight, 
and are obtained by performing hardening and tempering. However, engine auxiliary machinery is asked 
for high performance and a high increase in power with small and lightweight-ization with small and 
lightweight-izing of an automobile in recent years, for example, engine actuation simultaneously the 
high vibration in accordance with high-speed rotation, and the Takani pile (at least 4G-20G are at 
gravitational acceleration) act on the bearing for AC dynamos through a belt, and the temperature of 
bearing becomes about 90-130 degrees C. Therefore, there is a problem of being easy to produce early 
exfoliation in the orbital plane of the outer ring of spiral wound gasket which is a fixed ring even when 
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the matrix dissolution carbott conteiht of the steel which makes an inside-and-outside ring and a rolling 
element is made into 0.4 - 0.5% of the weight of the range in the conventional bearing for AC dynamos, 
and the life long enough was not acquired. 

[0006] 137th time spring lecture convention CAMP-ISIJ of the Iron and Steel Institute of Japan lecture 
collected works VoL12(1999) p351-354 have the publication about the mechanism of this early 
exfoliation. First, under high vibration, the Takani pile, and hot conditions, the matrix dissolution carbon 
of the steel with which the maximum shear stress of the outer ring of spiral wound gasket which is a 
fixed ring makes an outer ring of spiral wound gasket near the location by which a load is carried out 
spreads and condenses, and this part changes with rolling fatigue to a white organization. This white 
organization generates the minute crack containing a void, and this minute crack serves as an origin of 
exfoliation. Consequently, exfoliation arises at an early stage in about about 1 of a count life / five to 
1/20. 

[0007] In order to prevent this early exfoliation, when carbonaceous (C) content is low (0.65 - 0.90%) 
and the content of chromium (Cr) uses high (2.0 - 5.0%) steel, making a carbonaceous diffusion rate late 
is indicated by JP,4-28845,A as compared with SUJ2 usually used. Furthermore, raising the 
reinforcement of a matrix is indicated by by using the steel which added nickel (nickel), molybdenum 
(Mo), and at least one sort of elements of the vanadium (V). 

[0008] moreover — as the cure which prevents early exfoliation of a fixed ring — in the 1st term of 
SAE technical paper:SAE950944(February 27, 1995 to date March 2)" - the 14th term, the fatigue 
mechanism of the bearing for AC dynamos is solved, and changing enclosure grease into M grease fi-om 
E grease is indicated. Since this M grease has the high damper effectiveness, if it is used for the bearing 
used under high vibration and the Takani pile, it can fully absorb vibration and a load and can prevent 
early exfoliation of a fixed ring. 
[0009] 

[Problem(s) to be Solved by the Invention] However, it is not enough as the effectiveness of making the 
diffusion rate of matrix dissolution carbon late, and not producing a white organization just to use steel 
with only low carbon content for JP,4-28845,A like the approach of a publication. Moreover, in order to 
strengthen a matrix, in adding nickel (nickel), molybdenum (Mo), and an expensive element like 
vanadium (V), there is also a problem that cost becomes high. 

[0010] This invention makes it a technical problem to be made paying attention to the trouble of such a 
conventional technique, to prevent early exfoliation of a fixed ring in anti-friction bearing for engine 
accessories used under high vibration, the Takani pile, and a high temperature service, and to offer anti- 
friction bearing in which large extension of a bearing life is possible. 
[0011] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, at least this 
invention a fixed ring (bearing washer used as a fixed side at the time of use among an inner ring of 
spiral wound gasket and an outer ring of spiral wound gasket) As an alloy content, carbon (C) with 1 .20 
or less % of the weight of content 0. 1 5% of the weight or more With 1 .4 or less % of the weight of 
content, manganese (Mn) 0.1% of the weight or more for silicon (Si) with 1.3 or less % of the weight of 
content 0.15% of the weight or more Chromium (Cr) with 18.0 or less % of the weight of content, 0.4% 
of the weight or more After being formed in a predetermined configuration with the ferrous material 
included, respectively, it hardens (carburization hardening). And it includes induction hardening etc., it 
is obtained by giving tempering, and it is characterized by the matrix dissolution carbon content ([C] M, 
a unit: % of the weight) expressed with the following (1) type having become 0.40 or less [ 0.10 or 
more ], and anti-fi-iction-bearing offer is made. 
[C] M =(100x[C] t-sigma ([MC] x[C] MC))/(100-sigma [MC]) 
....(1) 

("[C] t" is the carbon content (% of the weight) of the ferrous material to be used among a formula.) 
"[MC]" is the content (% of the weight) of each carbide contained in the steel after hardening and 
tempering, "sigma [MC]" is the sum (% of the weight) of the content of all the carbide contained in the 
steel after hardening and tempering. "[C] MC" is the carbon content in each carbide (% of the weight). 
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"sigma ([MC] x[C] MC)" shows the sum total content of the carbon contained in the steel after 
hardening and tempering as carbide. According to anti-friction bearing of this invention Even when it is 
used under high vibration, the Takani pile, and hot conditions by making into 0.40 or less % of the 
weight the matrix dissolution carbon content ([C] M) of the steel which makes a fixed ring, it is hard 
coming to spread matrix dissolution carbon near the location where the load of the maximum shear 
stress of a fixed ring is carried out. The white organization leading to early exfoliation can be prevented 
from being generated by this. Moreover, required matrix reinforcement is secured by making into 0.10 
% of the weight or more the matrix dissolution carbon content ([C] M) of the steel which makes a fixed 
ring. 

[0012] Matrix dissolution carbon content M of the steel which makes a fixed ring [C] The desirable 
range is 0.33 or less % of the weight 0.17 % of the weight or more. Moreover, in this invention, the 
content range of C, Si, Mn, and Cr is limited as mentioned above about the presentation of the ferrous 
material to be used. In addition, as a ferrous material better known than the former which fills this range, 
heat-resistant bearing steel (M50, MHT), such as high-carbon-chromium bearing, carburization bearing 
steel (SAE5120), anticorrosion bearing steel (AISI440C), Mo system high speed steel, and a semi high 
speed steel, etc. is mentioned. 

[0013] It is the matrix dissolution carbon content [C] M to such steel by giving hardening and tempering 
for holding-time 0.5 to 1 .0 hours in the hardening temperature of 790-1 100 degrees C, and hardening 
temperature on the conditions of the holding-time 1.5-3.0 hours in the tempering temperature of 150- 
500 degrees C, and tempering temperature. It can **** to 0.40 or less % of the weight 0.10% of the 
weight or more. 

[0014] The critical-like meaning of each numerical limitation of the steel used by this invention is 
described below. 

[C:0. 1 5 - 1 .20 % of the weight] C may be unable to secure the hardness (it is 57 or more at (HRC) in the 
Rockwell hardness in the case of Scale C) required of anti-friction bearing as it being the element which 
gives hardness to steel and the content of C being less than 0.15. Moreover, C combines with other 
alloy-content elements (especially Cr), and serves as carbide while it dissolves to a matrix, but when the 
content of C exceeds 1 .20 % of the weight, there is a possibility that may become easy to generate huge 
carbide and a fatigue life and shock resistance may fall at the time of steel manufacture. 
[Si:0.10-1.40 % of the weight] Si is an element by which organization change is delayed, and its less 
than 0. 10 % of the weight is not enough as the deoxidation effectiveness while it acts as a deoxidizer at 
the time of steel manufacture and raises hardenability. Moreover, if the content of Si exceeds 1.40 % of 
the weight, while workability will fall remarkably, there is a possibility that the silicate system inclusion 
considered with making it fall remarkably may produce toughness and endurance. 
[Mn:0.15-1.30 % of the weight] Mn is an element which is effective in raising the hardenability of steel, 
and becomes insufficient [ the effectiveness ] for it to be less than 0.15 % of the weight. If the content of 
Mn exceeds 1.30 % of the weight, workability will fall. Moreover, since MnS which is the inclusion 
which can cause a life fall by existence of S arises, it is desirable to lessen the amount of generation of 
MnS, using content of S as 0.02 or less % of the weight. 

[Cr:0.40-18.0 % of the weight] Cr raises hardenability, and although it is the element which promotes 
carbide balling-up, these operations are not substantially demonstrated as a content is less than 0.40 % 
of the weight. Moreover, Cr has a possibility of it being connected with C and forming huge carbide, 
and if there are many contents, also when degrading machinability, in order to avoid this, for a certain 
reason, it makes the upper limit of Cr content 18.0 % of the weight. 

[0015] Moreover, it is still more desirable as an alloy content that contain vanadium (V) in 2.0 or less % 
of the weight of the range, and the ferrous material used by this invention contains nickel (nickel) for 
molybdenum (Mo) in 2.0 or less % of the weight of the range in 4.0 or less % of the weight of the range. 
Mo is an element which gives tempering softening resistance to steel, and is also the element which 
forms carbide. The carbon content which melts into a matrix falls by distributing detailed molybdenum 
carbide. That is, if Mo is added, the dispersion effect of tempering softening resistance and detailed 
molybdenum carbide can be acquired, bearing hardness can be made high, and high temperature strength 
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can be improved. Howeverj-^df Mo is added exceeding 4.0 % of the weight, such effectiveness is not only 
saturated, but a possibility that workability may fall will come out. 

[0016] V is an element which deposits in the grain boundary and controls big and rough- ization of 
crystal grain. Moreover, it is also the element which combines with the carbon in steel and forms 
detailed carbide. Therefore, if V is added, the hardness of the bearing surface section will become high 
and abrasion resistance will become good. However, when the content of V exceeds 2.0 % of the 
weight, the carbide of V deposits in the grain boundary and there is a possibility of degrading 
workability and various mechanical properties. 

[0017] Since nickel is an element which strengthens a matrix and raises toughness, it can improve a 
rolling contact fatigue life by addition of nickel. However, if it adds exceeding 2.0 % of the weight, 
since the amount of retained austenites will increase and hardening hardness will fall, a rolling contact 
fatigue life falls. Moreover, since nickel is expensive, ingredient cost will become high if it adds so 

much. 

[0018] As a ferrous material used by this invention, moreover, farther The content of Si The content of 
([Si]) and Mn It is desirable that the value ([Si]+[Mn]+[nickel]+[Cr]+ [Mo] + [V]) of the sum of ([Mn]), 
the content ([nickel]) of nickel, the content ([Cr]) of Cr, the content ([Mo]) of Mo, and the content ([V]) 
of V is 6.0 or less % of the weight 1 .0 % of the weight or more. Matrix reinforcement of steel can be 
made still higher by giving hardening and tempering, after being formed using this ferrous material, and 
making a matrix dissolution carbon content into 0.40 or less % of the weight 0.10% of the weight or 
more. 

[0019] Here, the distributed deposit of the carbide, such as M3 C, M7 C3, M23C6 (M is Cr or Mo), and 
VC, is carried out by using the ferrous material containing Cr, Mo, and V at the steel after heat treatment 
in addition to a cementite (Fe3 C). (1) "sigma [MC]" of a formula is the sum total content of all these 
carbide. In addition, TEM (transmission electron microscope) can be used for the class of depositing 
carbide, and it can specify it by investigating the lattice constant of a crystal. 

[0020] moreover [-- Si -] - + [-- Mn -] + - [- nickel --] - + - [Cr] - + - [-- Mo -] + - 
[- V -] - " - temporary ~ a beta value ~ ** — carrying out ~ if this - a beta value — 1 .0 — % of the 
weight — less than - it is - a case --**** — depositing - carbide — an amount — being few ~ a sake ~ 
steel - inside ~ carbide - content — measuring - things - difficult ~ becoming . Moreover, a beta 
value is a value which shows total of the element which strengthens a matrix, improving abrasion 
resistance, improving tempering softening resistance, or preventing [ deposit detailed carbide on an 
orbital front face, ] big and rough-ization of crystal grain. If these elements were added in a large 
quantity so that this beta value exceeds 6.0 % of the weight, since the above-mentioned effectiveness is 
not only saturated, but ingredient cost would become high by using expensive elements (nickel. Mo, V, 
etc.) so much, the upper limit of a beta value was made into 6.0 % of the weight. 

[0021] Moreover, the content of Lynn (P) is 0,02 or less % of the weight, sulphuric (S) content is 0.02 or 
less % of the weight, and, as for the ferrous material used by this invention, it is desirable that the 
content of oxygen (O) is 0.0010 or less % of the weight. P is an element in which it rolls and a life and 
toughness are reduced. Although S is an element which raises machinability, as mentioned above, 
sulfide system inclusion, such as MnS which combines with Mn and is produced, rolls, and it reduces a 
life. Into steel, O generates the inclusion of an oxide system, rolls and reduces a life. 
[0022] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained. As it was 
the following, the deep groove ball bearing of the JIS call watch 6303 was produced. First, after 
processing into a predetermined configuration the material which consists of each ferrous material A-G 
which shows the outer ring of spiral wound gasket of this bearing in the following table 1, it produced 
by giving hardening and tempering on the conditions shown in Table 2, respectively. In addition, the 
holding time in hardening temperature was made into 0.5 hours, and the holding time in tempering 
temperature was made into 2.0 hours, moreover ~ a table ~ one — a beta value — [— Si — ] - + — [~ 
Mn "] " + - [- nickel -] - + [Cr] + - [- Mo -] + [-- V --] - " - being shown . 
[0023] 
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[0025] Next, the content [theta] (% of the weight) of the cementite contained in the steel which makes 
each outer ring of spiral wound gasket after hardening and tempering was measured by analysis by the 
X-ray diffraction method. This analysis uses the X-ray diffractometer made from Physical science 
Electrical and electric equipment, and is exposure X-ray :CoK alpha rays, tube voltage :40kV, tube 
electric current:200mA, and exposure area:120mm2. It carried out on conditions. This value is shown in 
Table 3. 

[0026] In addition, the approach of measuring the content [theta] of a cementite has the area assay by the 
electron microscope, and the chemical assay by electrolytic separation in addition to the approach by 
such X-ray diffraction method. Also when it measured by these approaches, it checked that the same 
result was obtained. Moreover, the matrix dissolution carbon content [C] (% of the weight) M was 
computed by the following formula (!') using this value [theta], the carbon content ([C] t (carbon 
content of each steel shown in Table 1)) of the ferrous material used as a material of each outer ring of 
spiral wound gasket, and the carbon content ([C] theta) of a cementite (Fe3 C). In addition, the value 
computed from the following (2) types was used for the carbon content ([C] theta (% of the weight)) of a 
cementite (Fe3 C). This value is shown in Table 3. 
[C] M =(100x[C] t-[theta] x [C] theta)/(100-[theta]) 
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(12.011/(55.847x3+12.011)) xl00=6.69 .... (2) 

in addition, the carbide gestalt in a cementite - not only an M3 C mold but M7 C3 A mold and M23C6 
the case where a mold is included — "55.847x3" of the denominator of the above-mentioned (2) formula 
- M7 C3 a mold "55.847x2.3" - M23C6, in a mold, it can ask for [C] theta (% of the weight) by 
transposing to "55.847x3.8", respectively. And when the carbide of these different gestalten lives 
together, it can ask for [C] M (% of the weight) by total for every abundance of each carbide gestalt by 
being referred to as [C] MC of (1) in quest of whole [C] theta (% of the weight). 
[0027] Moreover, when the hardness (HRC) and the amount of retained austenites (gammaR) of an 
orbital plane of each outer ring of spiral wound gasket were measured, hardness (HRC) became the 
value shown in Table 3, and the amount of retained austenites (gammaR) became 0-15 volume %. 
Next, the inner ring of spiral wound gasket and the rolling element were produced by performing the 
usual heat treatment which carries out tempering at 1 80 degrees C after hardening at 840 degrees C, 
after forming in a predetermined configuration using the material (A of Table 1) which consists of same 
SUJ2. The amount of retained austenites of an inner ring of spiral wound gasket and a rolling element is 
three to 5 volume %, surface hardness is HRC 62-64, and it is the matrix dissolution carbon content [C] 
M. It was 0.5 % of the weight. Moreover, the surface roughness of an inner ring of spiral wound gasket 
and an outer ring of spiral wound gasket set to 0.01-0.05 micrometers by Ra, and the surface roughness 
of a rolling element could be 0,003-0.010 micrometers by Ra. 

[0028] Between the outer ring of spiral wound gasket and the inner ring of spiral wound gasket, this 
bearing was arranged, where many rolling elements are held with a cage, and it equipped with the seal 
member between the outer ring of spiral wound gasket of the both-sides location of a cage, and the inner 
ring of spiral wound gasket. Moreover, Grease E was enclosed with the space surrounded by the seal 
member of this bearing. Thus, to produced anti-friction bearing (No. 1-1 2) with which only outer rings of 
spiral wound gasket differ, as it was the following, life test under high vibration, the Takani pile, and hot 
conditions was performed. 

[0029] As a testing machine, using the life test equipment for bearing currently indicated by JP,9- 
89724,A, the outer ring of spiral wound gasket was fixed to housing, it considered as the fixed ring, 
outer fitting of the inner ring of spiral wound gasket was carried out to the shaft, and it considered as the 
turning wheel. And the sudden acceleration-and-deceleration trial (SAE technical paper: test method 
indicated by SAE950944) which switches a rotational frequency to 9000rpm and 18000rpm for every 
(every [ for example, ] 9 seconds) predetermined time was performed. Setting the bearing clearance of 
anti-friction bearing to 10-15 micrometers, loading condition was set to P (load load) / C(load rating) = 
0.10, and fixed the test temperature at 130 degrees C. 

[0030] Since the count life (theoretical maximum longevity) of anti-friction bearing in this condition 
was 1350 hours, it made test close time amount 1500 hours. Moreover, this trial prepared ten specimens 
of No. 1-12 at a time, respectively, and measured time amount until abnormalities, such as printing and 
exfoliation, arise. Time amount (LIO life) with the shortest time amount until abnormalities arise in as a 
result of ten specimens was investigated. 

[003 1] These results are shown in the following table 3. In addition, LIO life was made into 1500 hours 

when abnormalities, such as printing and exfoliation, did not arise by test close time amount in all ten 

specimens. 

[0032] 

[Table 3] 
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[0033] As shown in Table 3, the bearing of No. 1-6 has the ferrous material which makes the outer ring 
of spiral wound gasket which is a fixed ring within the limits of this invention, and it is the matrix 
dissolution carbon content M after hardening and tempering [C]. Since it is in the range of this invention 
(0.40 or less % of the weight 0. 10 % of the weight or more), it is equivalent to the example of this 
invention. On the other hand, the ferrous material which makes the outer ring of spiral wound gasket 
whose bearing of No.7-12 is a fixed ring is the matrix dissolution carbon content M after hardening and 
tempering [C], although it is within the limits of this invention. Since this invention is out of range, it is 
equivalent to the example of this invention. 

[0034] And all of the bearing of No. 1-6 which are the example of this invention became a life longer 
than a count life. Thus, one of the reasons the long life was acquired is the matrix dissolution carbon 
content [C] M. Since it is 0.10 % of the weight or more, it is in detailed carbide having carried out the 
distributed deposit into the matrix, and 58 or more-HRC hardness required for bearing having been 
obtained. Another reason is the matrix dissolution carbon content [C] M. Since it is 0.40 or less % of the 
weight, it is in diffusion and condensation of the matrix dissolution carbon by rolling fatigue being 
controlled, and the white organization leading to early exfoliation having ceased to be generated. 
[0035] Especially the life of the bearing of No. 2-5 became a remarkable long thing exceeding 1500 
hours. Although exfoliation produced the bearing of 6 in the orbital plane of two outer rings of spiral 
wound gasket among ten specimens as No.l, the life longer than a count life was able to be acquired. On 
the other hand, all of the bearing of No.7-12 which are an example of a comparison became a life shorter 
than a count life. 

[0036] The life of the bearing of No.7-10 was about [ of a count life ] 1/4. Producing all exfoliations in 
the outer ring of spiral wound gasket, the organization of an exfoliation part was changing to white. This 
is the matrix dissolution carbon content [C] M of an outer ring of spiral wound gasket. Since it is larger 
than 0.40 % of the weight, rolling fatigue thinks to spread and become easy to condense matrix 
dissolution carbon. If diffusion and condensation of matrix dissolution carbon arise, carbon will deposit, 
it will become easy to dissociate from a matrix (martensitic structure), the ferrite section will arise, and 
it will become easy to generate the minute crack which contained the void in this ferrite section. It is 
thought that it resulted in early exfoliation with this minute crack as the starting point. 
[0037] The life of the bearing of No.l 1 was about 1 of count life/6, and the life of the bearing of No.l2 
was about 1 of count life/2. The cause by which such bearing resulted in exfoliation for a short time is 
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the matrix dissolution carbon conteiit [C] M of an outer ring of spiral wound gasket. Since it is less than 
0.10 % of the weight, the hardness (HRC) of an orbital plane is considered because 53, 55, and rolling 
fatigue [ as opposed to / it is low and / shearing stress ] became large. 

[0038] Drawing 1 is a graph which shows the relation of the bearing life (LIO life / count life) and 
matrix dissolution carbon content which were obtained from these results. It is the matrix dissolution 
carbon content [C] M of an outer ring of spiral wound gasket so that this graph may show. By ****ing 
in 0.40 or less % of the weight of the range 0.10% of the weight or more, the life of bearing can be made 
longer than a count life. Moreover, matrix dissolution carbon content M of an outer ring of spiral wound 
gasket [C] 0.33 or less % of the weight of the range, then the life of bearing can be lengthened further 
0.17% of the weight or more. Moreover, matrix dissolution carbon content M of an outer ring of spiral 
wound gasket [C] This thing [ that early exfoliation arises that it is out of range in 1/2 or less time 
amount of a count life ] is understood. 

[0039] In addition, with this operation gestalt, since the outer ring of spiral wound gasket is made into 
the fixed ring, the outer ring of spiral wound gasket is made into the specification of this invention, but 
when an inner ring of spiral wound gasket is a fixed ring, let an inner ring of spiral wound gasket be the 
specification of this invention. Moreover, the life under high vibration, the Takani pile, and hot 
conditions can be fiirther lengthened by making both inside-and-outside rings into the specification of 
this invention. Furthermore, the life under high vibration, the Takani pile, and hot conditions can be 
fiirther lengthened by making a rolling element into the specification of this invention. 
[0040] Moreover, in order to secure 60 or more HRC(s) for the purpose of improvement in hardness, it 
is desirable to perform subzero treatment. Furthermore, it is desirable to perform stabilization processing 
for the purpose of preventing oscillating generating accompanying increase of a bearing clearance and 
the oscillating increase accompanying an inner-ring-of-spiral-wound-gasket creep. 
[0041] 

[Effect of the Invention] As explained above, according to anti-friction bearing of this invention, the life 
under high vibration, the Takani pile, and hot conditions can be lengthened sharply conventionally. 
Consequently, anti-friction bearing suitable as an object for engine accessories is offered. 
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iim±. isitsuj2*><?)'3:i)3!m (micoA) 



[0025] mz. mMitiXi/mmukc^mm 
m^mn (») soxisiiisf^a^fflvv b^i*x^: c 

oKa^. 1=«jE: 4 0kV. : 2 0 0mA. 

[0026] ^rfc. •fe^y^'-f hiO^*-* [^] Srffl^ 

thum^t, zcoxo^j:xmmvimizx^:f:mwHz. 

Ztli^cr)1f&zX^xm^U.i^lZh 

^^m ( [c] t (.muz^i-^mcom^^^m) ) 
-fe^y:?^ h (Fe, cxomm^^m ( [c] 

<9) i:$rfflv\ TIBiO ( r ) s^lci 0, vh 'J -yi^X 
[C] „ (Sft%) 2r»aiL^. ^rfc, -b^ 
h (Fea C) (Dm^^m ( [C] 0 (fiJI 
%) ) 14, Tie^T) (2 ) s^iii^'^ffajtfcfflSrffifflL^, 

X [c] ^)/{ioo- [ei ) 
.... (1 • ) 

3 + 12. 0 1 1 ) ) X 100 = 6. 69 

.... (2) 

•Cflt^?g«tcJ^^L/if^, 84 0-C-CMAilf^, 180 

%T'J)0. *H5i$liHRC6 2~64t'J)0> ^bU 
•y^'Xli?^^* [C] „ WO. 5M%t-J)ofc. * 
l*IllfeJ:WI-li<?5^fflffl${±Rat'0. 0 1-0. 
0 5/imfcL, lEi!lf*:O^fflffl${4Ra'C0. 003- 
0. 0 1 0;umi: ttz. 

[0 0 28] z<r>msi:. mtrntcrim^z^ ^WL(r> 

mmi:mmzi:*)^i^i,fzw^xmLL. mm 
mmm.m^tpmt<rm^z^ '^-mm^mv 

Jt. ttz^ Z(r>n^a)i^-)VW>mzi:'oxmtirih'SSSi 

m<r)7i.ifimhmi^'om^ (no. i~i 2 ) t«L 
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[0029] UmmtLXii^ #^¥9-89 7 2 4-^ 

mil'i9mi) {C90 00 r pmt 1 8000 r pm 
SAE9 5 0 944tCieS8$^lJtlS:©:^ft) Srffo 

fz, m^om<r>^imi: i o~i sumt mm 
*mi. p (m^m)/c (ws^mm) =o. lo 

1 1, imi^j^i 1 3 o°cx'~mztfz. 
[0030] z<7)^^x'(r)m^'om^(oimm (mm 



mm^»^) til 3 5 o\^mx-h^fzib. mni^m 

mm 1 5 0 OB^rat Lfc. tfz. No. 

1-1 2ostiiftS:-en-fni om-r^mmix. mn 

^'^m^j:t'<^m^i3^±thix'mmm^uz. i 

[0031] ZiX^(r)m^t:Tii<^m3l>Z7nt. 

1 0 mcommi^t^x izmitii^w o i^rat x-izmm 

1 5 00B#^t U3t. 
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[00 33]^3*^^>^^*^|.j;3{C, No. l~6i?)ttS 

(i, mm^x'hmm^j:i-§kmmi}<^WM(7)mm^ 
izh 0 , mAixa xt/m^u tf^v hu-y^' 
[ c ] „ i>:^m<r)m ( o . i os»%j^U:o . 

4 oMRxaT) mzhhfzib. ^^mff)mmmizm 
ti. zinzittix. No. 7-1 2com^ii. m&tkx- 

Atii5Xi/mmim'7hv •y^'xmmmA [c] 
„ ii:^m<^mm'hh^if). :^WM<7ymmmizm^ 

[ 0 0 3 4 ] Lt , :^^(^mmX'$>hHo. 1 ~6 

m^ii. ±xtmm^x^M:^^mb^^-^tz, z<^i 
0 {cfti m^m (.tiTzmAco—oii , -^h'j-y^xm 
mma. [c] „ a^'o. i omM%ajLThircib. m 
m^j:^mi^-7 h 0 'vi^xtpizmmtii tx . msiZiH' 

m^j:HRC5 8a±cr>mf)''n(^tlfzZt\Zhl. t)3 
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[ 0 0 3 6 ] No. 7-1 OcOWSO^^Ji. Itat^^CO 

i/4m!&x'h^fz. mma^x^miztt, mmm 
<7)fmii&&iz^itLx\^tz. ztm. !fmco-7hu-y 

ztt-^h, m^'omizx^, 'Thv-yi'xmmmti^ 
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( L 1 0 m^/tmrn^ ) t v h y >y ^^xmmmmi 
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<-thZbifiX^th. 
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